ABSTRACT
1

Metropolitan Region, India
INTRODUCTION
1
Due to increasing urbanization and growing traffic levels, Indian metro cities are more 2 confronted with the need to deal with the impact of noise in day-to-day life (1, 2) . In a survey 3 conducted by the Central Pollution Control Board (CPCB), India, found that noise levels in 4 all Indian metro cities are more than permissible limit. Also, with the increase in economic 5 trends and change in lifestyle, noise pollution is expected to increase in most of the 6 metropolitan cities in the future. Exposure to environmental noise due to transport affects 7 public health (3). 8
Road traffic is the most widespread source of noise pollution in most of the metro cities 9
(particularly in developing countries) and the most prevalent cause of annoyance and 10 interference (4). As per the ministry of Environment and Forest, Government of India, noise 11 standard levels (ambient noise level experienced due to vehicle at running stage) 12 recommended (day time) for automobiles are-75dB in industrial area, 65dB in commercial 13 area, 55 dB in residential area and 50dB in silence zone. In Indian metro cities like Mumbai, 14 day-to-day travel and commuting could be considered as a predominant daily activity which 15 leads to exposure to very high noise levels. and predicted traffic noise levels were compared at selected intersections in Australia and 17
New Zealand. Qudais and Alhiary (24) evaluated the major factors affecting traffic noise 18 levels at signalized intersections by collecting traffic noise levels and the factors expected to 19 affect noise at 40 signalized intersections. Equivalent noise levels were found to be mainly 20 dependent on traffic volume, maximum noise levels on the number of heavy vehicles passing 21 through the intersection and horn effect whereas minimum noise levels were dependent on 22 pavement surface texture. Zuo (25) explored the temporal and spatial variability of traffic 23 noise in Toronto and observed that noise variability was predominantly spatial in nature 24 rather than temporal with variability accounting for 60% of the total observed variations in 25 traffic noise. The independent variables such as traffic volume, length of arterial road, and 26 industrial area explained the majority of the spatial variability of noise. Noise generated due 27 to traffic is related to the parameters like pavement type, speed of vehicle and traffic 28 composition etc. (26). Sound generated due to interaction between tyre and road type also 29 contributes to traffic noise. Pavement surface characteristics are the major factors towards the 30 noise generated due to tyre and pavement interactions (27). Passenger or driver spend most of 31 their time inside the vehicle during their journey rather than outside vehicle or on-road 32
atmosphere. Distinguished models have been generated over the last few years for the traffic 33 noise prediction, some of them are explained in Table 1 Table 2 and Figure 1 ). Factors considered while deciding the routes were availability of 8 bus services in the selected road network, inclusion of various types of road network, vehicle 9 composition and activities in nearby area. 10
TABLE 2 Field Trips 11
Road Section (Part referred in Figure 1 
FIGURE 1 Field Trips 3
Instrumentation
4
Real time noise level meter-SL 1352 (manufactured by HTC instruments) was used to collect 5 the noise level on second-by-second time interval in the field. Noise level meter instrument 6 has data logger facility and it gives noise level absorbed with respect to the time of 7 observation. Noise level meter was mounted on a tripod at a height corresponding to the ear-8 level of an average height person when they sit inside a vehicle to calculate the actual noise 9 experienced by the commuter while travelling inside the vehicle. Trimble Juno SB-500 series, 10
Hand-held GPS was carried throughout the experiments inside the test vehicle to give spatial 11 reference and its time was synchronized with sound level meter. While processing the data, 12 GIS software was used to extract all the required geographical parameters. 
Field Trips 2
In total 26 trips were conducted through different types of vehicle equipped with GPS and 3 noise level meter each designed to sample noise data. Characteristics like number of lanes 4 and signal, type of road surface and intersection area were noted in a survey sheet as per the 5 GPS time while travelling inside the vehicle. To neglect the effect of variation in self-vehicle 6 parameters on data collection, same car was used for entire data collection inside car (both 7 A/C and non A/C). While collecting data from non-air conditioned car, windows of the car 8 were kept open. To collect noise level data inside buses, authors traveled as common 9 passengers with sound level meter instrument and GPS device. 10
Intermediate public transport (i.e. traditional 3-wheeler Autos) (see Figure 2 ) are more 11 susceptible to higher noise levels because of its comparatively open structure and low height, 12 much closer to the ground than any other vehicle considered in the study. Sound level meter 13 was mounted on the rear seat of the auto where passengers sit. To neglect the effect of 14 variation in self-vehicle parameters on data collection, same auto was used for entire data 15 collection of noise level .  16  17  18  19  20  21  22  23  24  25   26 During data collection, it was observed that more than 50% of the total travel time, noise 27 levels were more than 70dB. That means, a normal passenger exposes to more than 70dB of 28 noise for at least 50% of his/her total journey time. At some cases, abrupt increase in noise 29 levels (above 90dB) were observed due to vehicle horn. Generally in congested traffic 30 condition in India, vehicles will be very close proximity to each other, further noise due to 31 horn lead to more noise levels to commuters. Areas near the intersections are having more noise pollution mainly because of congestion 1 and vehicle horn. While doing the data collection it was found that this effective area depends 2 upon the widespread geographical area of the intersection. Here author considered the area 3 under the radius of five times the number of lanes combining both ways of the widest 4 approach of intersection from the center point as the intersection area. Further, data was being 5 extracted and matched according to the synchronization of GPS time and sound instrument 6 time. Geographical information of the trips made were necessary to get the number of lanes 7 and intersection area details. This Geographical information was obtained from the data 8 collected through GPS device and later on processed in a GIS software. KML files obtained 9 from GPS were processed through Google earth to obtain Geographical information. 
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FIGURE 3 Methodology
while travelling inside the vehicle through traffic, is considered as dependent variable. 1 Separate models were developed for each mode of transport for the study area and for 2 different types of roads (Bituminous and Concrete). 3
MODEL
4
In this study, linear regression modelling was considered to build functional relationship 5 between Noise and other independent parameters. For developing the models, initially 6 authors considered all the independent variables for the regression analysis. Further, a step-7 by-step independent variable drop-off method (based on t-statistics and R-square values) was 8 adopted to arrive the final model. Eight different models were developed for each type of 9 road surface and vehicle. These models are shown in Table 3 . 10
TABLE 3 Models 11
Where, 12 is the noise level in decibel inside a car with air condition facility for concrete pavement, 13 is the noise level in decibel inside a car with air condition facility for bitumen pavement 14 is the noise level in decibel inside a car without air condition for concrete pavement 15 is the noise level in decibel inside a car without air condition for bitumen pavement 16 is the noise level in decibel inside an auto for concrete pavement 17 is the noise level in decibel inside an auto for bitumen pavement 18 is the noise level in decibel inside a bus for concrete pavement 19 is the noise level in decibel inside a bus for bitumen pavement 20 N is the number of lanes on the road, 21
is the intersection area ( = 1 for intersection area and zero for other sections of road), 22
is the traffic volume in PCU in both the direction and 23 is the speed of the vehicle in meter per second 24 25 Road transportation is one of the major sources of noise pollution in urban area. From this 5 study, it was observed that in-vehicle noise pollution is more than 70dB for 50% of the total 6 journey. Due to lack of proper traffic system and driver discipline, high decibel noise is 7 created while making a journey. Due to congestion and lack of enforcement, drivers use horn 8 for significant part of their journey; this usually leads to high noise levels (above 90dB). Even 9 if the vehicle is not moving, a person will be exposed to average noise level of more than 67 10 dB because of vehicle horn, vehicle engine noise, noise due to adjacent vehicles etc. 11
Intersection area is prone to noise level more than 72 dB noise level in most of the peak hour 12 traffic because of heavy traffic and noise due to vehicle horns. Average noise level 13 experienced while traveling inside non A/C car was 71.8dB while that in A/C car was 14 65.64dB. The constant values obtained in models can be linked with the noise emitted by the 15 test vehicle (i.e. noise generated by the engine, body interior noise etc). Most of the public 16 transport buses in the study area are old and their engine make large noise during acceleration 17 and gear change. It was identified that maximum differences between observed and estimated 18 values from the model were within the range of 7.8%. 19
